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CROSS FLOW COOLED CATALYTIC 
REACTOR FOR A GAS TURBINE 

FIELD OF THE INVENTION 

This invention relates generally to the ?eld of combustion 
turbines, and more speci?cally to a gas turbine including a 
catalytic combustor, and in particular to a passively cooled 
catalytic combustor having improved protection against 
overheating and a Wider operating range. 

BACKGROUND OF THE INVENTION 

In the operation of a conventional combustion turbine, 
intake air from the atmosphere is compressed and heated by 
a compressor and is caused to How to a combustor, Where 
fuel is mixed With the compressed air and the mixture is 
ignited and burned. This creates a high temperature, high 
pressure gas ?oW Which is then expanded through a turbine 
to create mechanical energy for driving equipment, such as 
for generating electrical poWer or for running an industrial 
process. The combustion gasses are then exhausted from the 
turbine back into the atmosphere. Various schemes have 
been used to minimiZe the generation of pollutants during 
the combustion process. The use of catalytic combustion is 
knoWn to reduce the generation of oxides of nitrogen since 
catalyst-aided combustion can occur at temperatures Well 
beloW the temperatures necessary for the production of NOx 
species. 

FIG. 1 illustrates a prior art gas turbine combustor 10 
Wherein at least a portion of the combustion takes place in 
a catalytic reactor 12. Compressed air 14 from a compressor 
(not shoWn) is mixed With a combustible fuel 16 supplied 
through fuel injectors 18 upstream of the catalytic reactor 
12. Catalytic materials present on surfaces of the catalytic 
reactor 12 initiate the heterogeneous combustion reactions at 
temperatures loWer than normal ignition temperatures. 
HoWever, for certain fuels and engine designs such as 
natural gas lean combustion, knoWn catalyst materials are 
not active at the compressor discharge supply temperature. 
A preheat burner 20 is provided to preheat the combustion 
air 14 by combusting a supply of preheat fuel 22 upstream 
of the main fuel injectors 18. One such system is described 
in US. Pat. No. 5,826,429 issued on Oct. 27, 1998, incor 
porated by reference herein. Such pre-burn systems are 
costly and they add complexity to the design and operation 
of the combustor. 

The surface reactions Within the catalytic reactor release 
enough heat energy to cause auto-ignition and combustion 
of the remainder of the fuel in the gas stream beyond the 
catalytic reactor 12, in a region of the combustion chamber 
called the burnout Zone 24. For modern high ?ring tempera 
ture combustion turbines, the amount of fuel reacted in the 
catalyst bed must be limited in order to prevent overheating 
of the materials Within the reactor. In order to cool the 
catalytic reactor 12 and to limit the amount of conversion 
Within the reactor, it is knoWn to provide both catalyZed and 
non-catalyZed substrate passages through the catalytic reac 
tor 12. Such designs are described in US. Pat. No. 4,870,824 
dated Oct. 3, 1989, and US. Pat. No. 5,512,250 dated Apr. 
30, 1996, also incorporated by reference herein. The fuel-air 
mixture passing through the non-catalyZed passages serves 
to cool the catalytic reactor 12 While retaining the removed 
heat in the combustion gas stream. While such passive 
cooling is an improvement over previous designs, there 
remains a risk of the fuel-air mixture in the non-catalyst 
cooling passages igniting or of the ?ame traveling upstream 
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2 
into the non-catalyZed cooling passages. In such an event, 
the cooling action Will be lost and the catalyst may overheat 
and fail. 

SUMMARY OF THE INVENTION 

Accordingly, an improved catalytic combustor is needed 
to reduce the risk of overheating of the catalytic reactor. 
Furthermore, a simple and cost effective catalytic combustor 
is needed for applications Where the gas supply temperature 
is beloW the temperature necessary to activate the catalyst. 
A combustor is described herein as having: a heat 

exchanger module having catalytic passages in a heat 
exchange relationship With non-catalytic passages; a fuel 
injection apparatus; and a means for directing combustion 
air in sequence through the non-catalytic passages, the fuel 
injection apparatus and the catalytic passages. Because the 
air traveling through the non-catalytic passages does not 
contain fuel, the risk of ?ash-back of the ?ame into these 
cooling passages is eliminated. 

In one embodiment, a combustor is described herein as 
including: a plurality of catalyst modules disposed in a 
generally circular pattern at the inlet of an annular combus 
tor chamber Within an engine casing; a seal betWeen the 
plurality of catalyst modules and the engine casing for 
directing a How of air into contact With non-catalytic sur 
faces of the respective catalyst modules; a plurality of fuel 
injectors associated With the plurality of catalyst modules for 
injecting a combustible fuel into the How of air doWnstream 
of the non-catalytic surfaces to form a fuel-air mixture; and 
a plurality of catalytic surfaces formed on the catalyst 
modules for contacting the fuel-air mixture doWnstream of 
the non-catalytic surfaces and for causing a ?rst portion of 
the fuel to combust Within the respective catalyst modules 
and a second portion of the fuel to combust Within the 
combustion chamber. 
A gas turbine is described herein as including: a com 

pressor for providing a How of air; a combustor for com 
busting a How of fuel in the How of air to produce a How of 
combustion gas; and a turbine for extracting energy from the 
How of combustion gas; Wherein the combustor further 
comprises: a catalyst module having a catalytic surface and 
a non-catalytic surface in heat exchange relationship there 
betWeen; a fuel delivery apparatus; and a How directing 
apparatus for directing the How of air in sequence from the 
non-catalytic surface to the fuel delivery apparatus to the 
catalytic surface. 
A method of combusting a fuel is described herein as 

including the steps of: providing a catalyst device having a 
catalytic surface in heat exchange relationship With a non 
catalytic surface; directing fuel-free air over the non 
catalytic surface to remove heat energy from the catalyst 
device and to pre-heat the fuel-free air; adding a combustible 
fuel to the fuel-free air to form a fuel-air mixture; and 
directing the fuel-air mixture over the catalytic surface to 
combust at least a ?rst portion of the fuel-air mixture and to 
generate heat energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the course of the folloWing detailed description, refer 
ence Will be made to the folloWing draWings in Which: 

FIG. 1 is a schematic side sectional vieW of a prior art 
catalytic combustor. 

FIG. 2 is a schematic illustration of a gas turbine engine 
incorporating a catalytic heat exchanger. 

FIG. 3 is a partial cross-sectional vieW of a can-type 
combustor for a gas turbine engine incorporating a catalytic 
heat exchanger. 
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FIG. 4 is an end vieW of an annular-type combustion 
system incorporating a plurality of catalytic modules inter 
spaced With a plurality of pilot burners. 

FIG. 5 is a partial side sectional vieW of the combustion 
system of FIG. 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An improved gas turbine engine 30 is illustrated in FIG. 
2 as including a compressor 32, a combustor 34 having both 
a catalytic combustion heat exchanger module 36 and a 
homogeneous burnout Zone combustion chamber 38 as Well 
as a fuel injection apparatus 40, and a turbine 42. Com 
pressed air 44 is delivered from the compressor 32 to a fuel 
injection location through a ?rst plurality of non-catalytic 
passages 46 in the catalytic module 36. At the fuel injection 
location, the air 44 ?oWs through a fuel injection apparatus 
40 Where a How of combustible fuel 48 suitable for a 
combustion turbine is added to form a fuel-air mixture 50. 
The fuel-air mixture 50 then passes through a second 
plurality of passages 52 in the catalytic module 36 Where one 
or more surface-exposed catalyst materials 54 initiates the 
heterogeneous combustion of the fuel-air mixture 50. The 
catalyst material de?ning the catalytic passages 52 may be 
any catalyst knoWn in the art to be effective for the fuel being 
burned, for example, platinum or palladium deposited on a 
thin ceramic Wash coat having a high speci?c surface area on 
a metal substrate. The catalytic passages 52 are sealed from 
and are in a heat exchange relationship With the non 
catalytic passages 46. The structure of the catalytic heat 
exchanger 36, including the material de?ning the non 
catalytic passages 46, may be any metal or ceramic material 
knoWn in the art to be useful in such a combustion envi 
ronment. Combustion is completed in the burnout Zone 
portion 38 of combustor 34, and the hot combustion gas 56 
is delivered to the turbine 42, Where it is used to generate 
mechanical energy in a manner knoWn in the art. 

Heat energy is generated Within the catalytic module 36 
by the heterogeneous combustion of the fuel-air mixture 50 
Within the catalytic passages 52, and heat energy is removed 
from the catalytic module 36 by the pre-heating of the 
compressed air 44 as it passes through the non-catalyst 
passages 46. In one embodiment, the compressed air 44 
provided by the compressor 32 may be at about 750° F. and 
it may be pre-heated Within the catalytic heat exchanger 36 
to a temperature of about 950° F. FolloWing combustion of 
at least a ?rst portion of the fuel-air mixture 50 Within the 
catalytic module 36, the air temperature may have been 
increased to about 1,600° F. FolloWing combustion of a 
second portion of the fuel-air mixture 50 Within the com 
bustion chamber burnout Zone 38, the temperature of the 
combustion gas 56 may have been increased to about 2,700° 
F. The compressed air 44 is pre-heated in the non-catalytic 
cooling passages 46 to at least a temperature suf?cient to 
initiate the catalytic reaction Within the catalytic passages 
52, thereby eliminating the need for any pre-burner. 
Furthermore, since the catalytic module 36 is passively 
cooled With fuel-free compressed air 44, there is no concern 
about ?ashback or auto-ignition in the cooling channels 46. 
Accordingly, the gas turbine 30 of FIG. 2 may be less costly 
to design and manufacture than prior art devices having a 
pre-burner, and it may be less prone to overheating due to 
unanticipated back-propagation of the ?ame. Because at 
least a portion of the fuel is burned in the catalytic reactor 
36, a stable, complete combustion process having NOx 
emissions of less than 3 ppm in the exhaust gas may be 
achieved. 
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FIG. 3 is a partial cross-sectional vieW of a combustor that 

may be used in a gas turbine engine 30 as described With 
respect to FIG. 2. The combustor 60 Would be used in a 
can-type combustion system, as is currently knoWn to be 
used in Siemens Westinghouse PoWer Corporation Model 
501F gas turbine engines. In a Model 501F engine, sixteen 
such combustors 60 Would be spaced circumferentially 
about an outlet end of a compressor, radially displaced from 
a longitudinal axis of the turbine. The combustors 60 Would 
be housed in a generally cylindrical casing (not shoWn) 
Which provides a How communication for compressed air 61 
betWeen the compressor outlet (not shoWn) and an annular 
inlet opening 62 of combustor 60. The compressed air 61 is 
then directed by the shell 63 of the combustor 60 over a 
non-catalytic surface 64 of a catalyst module 66 to a fuel 
delivery location 68. While passing over the non-catalytic 
surface 64, the compressed air 61 removes heat from the 
catalyst module 66, thus pre-heating the compressed air 61. 
At the fuel delivery location 68, a fuel injection apparatus 70 
introduces a How of fuel into the pre-heated air to form a 
fuel-air mixture 72. The fuel injection apparatus 70 may be 
a combination sWirl vane/noZZle combination as is knoWn in 
the art for injecting the fuel and pre-mixing the fuel and the 
air together to form the fuel-air mixture 72. The fuel-air 
mixture 72 is pre-heated by contact of the compressed air 61 
With the non-catalytic surface 64 to a temperature suf? 
ciently high to initiate combustion of the fuel-air mixture 72 
When it is next directed over a catalytic surface 74 of catalyst 
module 66. Catalyst module 66 may be formed as a cross 
?oW device, as illustrated, Wherein the non-catalytic pas 
sages and the catalytic passages are formed to be at approxi 
mately right angles to each other. Other designs may be 
envisioned Wherein the non-catalytic passages and the cata 
lytic passages are parallel to each other or are otherWise 
aligned to be in a heat-exchange relationship With each 
other. At least a ?rst portion of the fuel-air mixture 72 is 
combusted Within the catalyst module 66, and a second and 
preferably completed portion of the fuel-air mixture 72 is 
combusted in a burnout Zone de?ned by a generally tubular 
shaped combustion chamber 76. The hot combustion gas 77 
is then directed to a transition piece (not shoWn) and into a 
doWnstream turbine, as shoWn in FIG. 2. 
The catalyst module 66 is illustrated in cross-section as 

having an annular ring shape. Alternatively, a plurality of 
such modules may be disposed in a side-by-side con?gura 
tion around an annular inlet to the combustion chamber 76. 
The main fuel injection upstream of the modules may be 
divided into stages that are turned on at different times as the 
engine load is increased and turned off as the engine load is 
decreased. A portion of the combustion air 61 is directed 
aWay from the main fuel injection apparatus 70 into a pilot 
burner 78. The pilot burner is provided With one or tWo 
additional fuel lines 80 that may be used for engine startup 
and for loW load operation. Fuel supply to the pilot burner 
78 may be reduced or eliminated at higher loads or Whenever 
the ?ame in the combustion chamber 76 is stable in order to 
reduce the overall emissions of the engine. For natural gas 
fuel applications, an alternative fuel such as hydrogen or 
propane may be added to the main fuel supply to facilitate 
the heat-up of the catalyst module 66, since these are much 
easier to react catalytically than is methane. Once the 
catalyst module 66 has reached a desired temperature, the 
compressed air 61 Will be heated to a temperature Where the 
catalytic reaction of the natural gas-air mixture Will occur, 
and the alternative fuel supply may be terminated. 
A plurality of catalytic heat exchanger modules as 

described above may also be used in an annular-type com 
bustion system such as the Siemens Model V84.3A gas 
turbine engine. FIG. 4 illustrates an end vieW of one such 
combustion system 80 Where a plurality of catalytic heat 
exchanger modules 82 are spaced around an inlet to an 
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annular combustion chamber 84. Pluralities of pilot burners 
86 are placed among the catalytic modules 82, for example, 
With a pilot burner 86 betWeen each tWo adjacent catalytic 
modules 82. A seal 88 is made from the engine casing 90 to 
the catalyst modules 82 as may best be seen in FIG. 5, Which 
is a partial side sectional vieW of the combustion system 80. 
The seal 88 directs the How of combustion air 92 into contact 
With non-catalytic surfaces 94 of the catalyst module 82 for 
removing heat there from. The pre-heated air is then directed 
by the engine casing 90 to the fuel injectors 96 for the 
injection of a combustible fuel doWnstream of the non 
catalytic surfaces 94 to form a fuel-air mixture 98. The inlet 
of the annular combustor structure 84 then directs the 
fuel-air mixture 98 over the catalytic surfaces 100 of catalyst 
member 82 Where the combustion process is initiated to 
create heat energy. Combustion is completed doWnstream of 
the catalytic heat exchanger 82 in the burnout Zone 102 and 
the hot combustion gasses 106 are directed out of the 
combustor to a turbine. The pilot burners 86 each have an 
outlet to the combustion chamber burnout Zone 102 for 
stabiliZing the combustion therein. 

While the preferred embodiments of the present invention 
have been shoWn and described herein, it Will be obvious 
that such embodiments are provided by Way of example 
only. Numerous variations, changes and substitutions Will 
occur to those of skill in the art Without departing from the 
invention herein. Accordingly, it is intended that the inven 
tion be limited only by the spirit and scope of the appended 
claims. 
What is claimed is: 
1. A combustor comprising: 
a heat exchanger module having a ?rst passage de?ned by 

a non-catalytic material and a second passage de?ned 
by a catalytic material in a heat exchange relationship 
With the non-catalytic material; and 

a fuel injection apparatus disposed in a How of combus 
tion air doWnstream of the ?rst passage and upstream of 
the second passage. 

2. The combustor of claim 1, further comprising a means 
for directing the combustion air in sequence through the 
non-catalytic passage, the fuel injection apparatus and the 
catalytic passage. 

3. The combustor of claim 1, Wherein the non-catalytic 
passage and the catalytic passage are oriented in a cross-?oW 
con?guration through the heat exchanger module. 

4. A gas turbine comprising: 
a compressor for providing a How of air; 

a combustor for combusting a How of fuel in the How of 
air to produce a How of combustion gas; and 

6 
a turbine for extracting energy from the How of combus 

tion gas; 
Wherein the combustor further comprises: 

a catalyst module having a catalytic surface and a 
5 non-catalytic surface in heat exchange relationship 

there betWeen; 
a fuel delivery apparatus; and 
a How directing arrangement for directing the How of 

air in sequence from the non-catalytic surface to the 
fuel delivery apparatus to the catalytic surface. 

5. The gas turbine of claim 4, Wherein the combustor 
further comprises a plurality of said catalyst modules 
arranged in an annular pattern around an inlet to an annular 
combustion chamber, and a plurality of pilot burners dis 
posed in an annular pattern alternately spaced betWeen 
respective ones of the plurality of catalyst modules. 

6. A method of combusting a fuel comprising: 
providing a catalyst device having a catalytic surface in 

heat exchange relationship With a non-catalytic surface; 
directing fuel-free air over the non-catalytic surface to 

remove heat energy from the catalyst device and to 
pre-heat the fuel-free air; 

adding a combustible fuel to the pre-heated fuel-free air to 
form a pre-heated fuel-air mixture; and 
directing the pre-heated fuel-air mixture over the cata 

lytic surface to initiate combustion at least a ?rst 
portion of the fuel. 

7. The method of claim 6, Wherein at least a second 
portion of the fuel is combusted in a combustion chamber 
doWnstream of the catalyst device, and further comprising: 

providing a pilot burner having an outlet to the combus 
tion chamber; and 

directing a second fuel-air mixture through the pilot 
burner to produce a pilot ?ame in the combustion 
chamber for stabiliZing the combustion of the at least a 
second portion of the fuel in the combustion chamber. 

8. The method of claim 6, Wherein the combustible fuel is 
a ?rst type of fuel, and further comprising: 

supplying a second type of combustible fuel to the pre 
heated fuel-free air until a predetermined temperature is 
achieved in the pre-heated fuel-free air; and 

terminating the supply of the second type of fuel after the 
predetermined temperature is achieved. 

9. The method of claim 8, Wherein the second type of 
combustible fuel comprises one of the group of hydrogen 
and propane. 
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